Constraint Satisfaction Technology for Stacking Problem with Ordered Constraints  by Hou, Dong-liang & Chen, Fang-rong
Procedia Engineering 29 (2012) 3317 – 3321
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2012.01.487
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
          Procedia Engineering  00 (2011) 000–000 
Procedia
Engineering
www.elsevier.com/locate/procedia
2012 International Workshop on Information and Electronics Engineering (IWIEE) 
Constraint Satisfaction Technology for Stacking Problem with 
Ordered Constraints 
Dong-liang Houa*, Fang-rong Chenb
aSchool of Engineering, Guangdong Ocean University, Zhanjiang 524088, P. R. China; 
b Mental health education and counseling center, Guangdong Ocean University, Zhanjiang, 524088, P. R. China 
Abstract 
The stacking problem with ordered constraints (SPOC) is a typical combinatorial optimization problem and NP-hard 
character. In order to simplify problem, it is treated as a constraint satisfaction problem. A constraint satisfaction 
model is given. A hybrid solving algorithm is designed based on constraint satisfaction and Best-Fit approximation 
algorithm. The validity of the proposed solving algorithm is demonstrated by numerical simulation experiment from 
the production data in container yard. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
Terminal management is an important part in port production management. To optimize reasonably 
stack numbers in storage yards not only improves loading and unloading efficiency but also reduces 
production cost to greatest extent. There exists a sort of stacking problem which requests the heavier 
goods are placed at the top of the lighter goods and the target is to occupy as few stack numbers as 
possible. Generally speaking, in order to reduce the transposition rate, the more the delivery time of the 
goods is long, the more these goods are stacked preferentially. If the stacking location is treated as a box 
and the loading items are looked as a sequence of goods, this problem can be treated as a bin packing 
problem with ordered constraints. The bin packing problem(BP) has been a wide application in computer 
science and industrial engineering field. But there would be various deformation problems with 
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complicated constraints due to considering the actual size and shape of goods as well as the bin form and 
volume change[1~2]. The stacking problem with ordered constraints(SPOC) was one of these deformation 
problems with delivery time as well as bin weight and height of the stack location. This problem was a 
specialized BP and existed widely in wharf container yard and slab storage management in slab 
warehouse in steelworks[3~4]. It was not possible to find a polynomial time optimization algorithm for 
BP because it was a NP problem[5].Therefore, how to design a construction heuristic algorithm for SPOC 
problem according to its characteristic will be a focus. In recent years, Constraint satisfaction problem 
(CSP) has been an area of active research, and increasingly, CSP models and heuristics have been 
investigated as a means for solving combinatorial optimization problems[6~8]. 
2. The SPOC problem descriptions 
The SPOC increases the weight, height of the stack location and delivery time constraints. It can be 
defined as: There exists many stack locations in storage yards. The total height of each stack location 
can't more than a given value. The next arrival goods should be stack on the top of the last goods. The 
weight of the upper goods can't less than the weight of the lower goods. The delivery time of the posterior 
arrival goods must be less than or equal to the delivery time of the anterior arrival goods.  
3. CSP model for the SPOC problem  
If the stacking goods can be mapped as a set of decision variables V, stack locations as a set of 
domains for the variables in V, and all constraints as a set of constraints, the SPOC can be treated as a 
CSP. In order to describe the problem precisely, the symbol and variables are defined as follows: 
Sets and Indexes: 
I : set of all the goods to be stacked, the index i I∈ , =1, 2,..., ni ;
J : set of all the stack locations, the index j J∈ , =1,2,...,mj ;
C : set of all the layers of the stack location j , the index c C∈ , =1,2,..., Lc ;
Parameters: 
io : Delivery time of the goods i ;      iw :    Weight of the goods i ;       ih :   Height of the goods i ;
H : H indicates the allowed maximum height of the stack location; 
Variable: 
cjix : if the i th goods is allocated to the c th layer of the stack location j , cjix =1, otherwise, cjix =0;
Based on above, we can formulate the SPOC as the following CSP model:  
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The objective function (1) aims at minimizing the numbers of stack location. Constraint (2) ensures the 
total height of goods in a stack location cannot exceed the allowed maximum height of this stack location. 
Constraint (3) states the weight of the upper goods can't less than that of the lower goods. Constraint (4) 
means that the delivery time of the posterior arrival goods must be less than or equal to that of the anterior 
arrival goods. Constraint (5) ensures that only an item can be stacked in some layer of stack location. 
Constraint (6) states that a stack location can only pile up an item. Constraint (7) means that the goods 
cannot be suspended. Constraint (8) and (9) denote the domain of variables and parameters.  
4. The CSP algorithm for the SPOC problem 
4.1 The Basic Idea of the CSP  Algorithm 
The idea of constraint satisfaction for minimizing stack numbers (CSMSN) can be described as: Firstly, 
through variable and value selection rule, the stacking goods will be allocated to an available stack 
location tentatively. Secondly, some conflicting values is erased from the domain of the remaining 
variables through the consistency technology after completing an assignment for some variable, 
meanwhile, the domain of the remaining variables is changed through applying Best Fit Decreasing(BFD) 
and the look-ahead strategy of constraint propagation technology. Finally, constraint propagation and 
backtracking are used to satisfy dynamically all constraints. Some key points of CSMSN are as follows: 
(1) Variable selection: Generally speaking, an effective method is to assign values preferentially to 
more difficult variables in variable selection procedure. Combined with the characteristics of SPOC, the 
Best Fit Decreasing (BFD) for solving BP was extended to get three sorting rules.  
Rule1: Delivery Time Decrease First (DTDF), if the delivery time of the goods i  is longer than that of 
the goods i +1, the goods i  is allocated preferentially. Let 
1i io o+ ≤  denote DTDF rule; 
Rule2: Weight Decrease First (WDF), if
1i iw w +=  , then 1i io o+ ≤ ;
Rule3: Stock Height Decrease First (SHDF), if 
1i ih h += , then 1i io o+ ≤ ;
(2) Value selection: Those stack locations with minimum remaining height are allocated to the 
stacking goods firstly. If minimum remaining height of two stack location is equal, then numbers of 
smaller stack location is allocated. If remaining height of stack location cannot be allocated, then a new 
vacant stack location is allocated. 
(3) Constraint propagation 
As far as the SPOC concerned, constraint propagation technology is applied to enhance resource 
constraint consistency and filter out unreasonable assignment. Constraints (4)～(6) are used to eliminate 
the conflicting value and reduce computation cost. The order of value selection is revised through 
combining Constraints (3) with look-ahead strategies.  
(4) Backtracking 
In the SPOC problem, if no acceptable stack location can be found for stacking goods, the previous 
assignment is retracted and the acceptable stack location is reallocated , which is called a backtrack[9].  
4.2 The procedures of  CSMSN algorithm 
From the above, the procedure of the CSMSN algorithm can be described as follows: 
Step1: Initialize , , ,i i ii o w h  ; 
Step2: (Variable selection and value selection) 
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The delivery time is selected as a priority indicator. The  ( )TopOrder j  and  ( )TotalHeight j  are defined 
to denote delivery time of the top layer in stack location and the total height of the goods in the same 
stack location. Suppose all the stack locations are vacant. 
Step3: (variable assignment) 
Assign a value for a variable one after another.  If ( )io TopOrder j<   and ( ) iTotalHeight j h H+ ≤   are 
satisfied at the same time, then goods i  is allocated to the stack location j  and the value of  
( )TotalHeight j  is adjusted according to the attribution of goods accordingly. 
Step4: (Constraint propagation) 
According to the assignment of the current variable i , the remaining variables in the value domain 
including the stack location j are used for constraint propagation to solve. 
Rule1: According to Constraints (2), if
' ( )ih H TotalHeight j> − , then the stack location j  is removed. 
Rule2: According to Constraints (3), if
'i iw w> , then the stack location j  is removed. 
Rule3: According to Constraints (4), if
'i io o> , then the stack location j  is removed. 
If the value is not removed in the domain, then it is sorted according to BFD rule, go to Step3; if the 
value domain of the variable  is empty, then go to Step5; if all the variables are assigned, then go to Step6. 
Step5: (Backtracking) 
We adopt backtracking algorithms based on variable ordering. If no acceptable stack location can be 
found, the assignment of the previous goods is retracted. Other acceptable stack location can be selected.  
Step6: stop and output. 
5. Numerical experiments 
In order to verify the correctness and feasibility of the model and algorithm, a construction example is 
given based on the production practice in some container yard. Experiment data are shown in Table 1. 
The total height of the stack cannot more than four layers according to the loading and unloading height 
of the tyre crane in container yard.  
Table 1 Experiment data 
Attribution of the containers Container
number iw ih io
The total height of the stack  
100 U[21,25] U[2.4,2.9] U[1,30] 0≤ H ≤10
The CSMSN algorithm is coded and compiled using the Matlab 7.0 on a 1.8GHz AMD Athlon 3000+ 
with 1G memory running Windows XP Professional. In order to test the effectiveness of CSMSN, it is 
compared with BFD heuristic algorithm in respect of numbers of the stack location and CPU time. We 
divide the experiment into five groups according to 20,40,60,80 and 100 container numbers. Each group 
experiment runs 30 times independently. Record the average value of the stack numbers and its average 
running time. The experimental results for CSMSN and BFD are shown in Fig.1 and Fig.2. 
It can be seen from the Fig.1 that the stack numbers by CSMSN are obviously less than those by BFD 
algorithm. With the increase of the problem scale, the solving time by CSMSN algorithm will increase 
due to backtracking, but the feasible solution can be also made within 2 seconds when the container 
numbers are 100, as shown in Fig.2. Although the computation time by CSMSN algorithm is more than 
that of BFD algorithm with the increasing number of the container, its efficiency can meet the practical 
production need completely. Therefore, the numerical experiments based on stacking container process in 
container yard show that CSMSN is effective. 
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6. Conclusions 
We presented a hybrid algorithm based on constraint satisfaction and Best-Fit approximation for 
SPOC. The key is to design variable and value selection rules according to the characteristic of the 
problem. Constraint propagation technique was designed for eliminating the conflicts among the 
constraints. We performed an experimental evaluation and demonstrated that the effectiveness and 
feasibility of our approach compared with the best previous approach BFD. The decision maker rarely 
failed to find a solution within relatively short time, and was able to routinely solve the large scale 
discrete combinatorial optimization problems in practice. 
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Fig.1 The comparison in stack numbers  Fig.2 The comparison in CPU time  
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